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1. Introduction 

The Siemen's 5mm x 35cm2 detector was exposed to heavy ions (1 ~ Z ~ 18, 
0 ~ E/n :s: 720 MeV/nuc) at the Bevalac in Berkeley during April 1981. This 
detector was one of several detectors of various thicknesses and areas that 
were being calibrated at the same time; however, it is the only 5mm-thick 
detector we have ever calibrated. 

The overall goal of the calibration of the Siem.en's detector was to deter
mine whether or not the device is suitable as a particle-sensing element of a 
heavy-ion cosmic-ray isotope telescope. The relative scarcity of the heavy ions 
(3 ~ Z ~ 28) in the cosmic rays demands a detector of large area, and in order 
to have a large energy range it is also convenient to have . thick detecto.rs to 
minimize the number of separate elements that are normally stacked together 
in such telescopes. The 5mm x 35cm2 Siemen's device is the largest-volume 
lithium-drifted detector that we know of and therefore an attractive possibility 
for our cosmic ray telescopes. 

The important parameters of detectors we use are uniformity of thiclm.ess 
and charge collection,. minimum deadlayer thickness, and, in the case of 
lithium-drifted detectors, an integral guard-ring which functions independently 
from the center active ·area. Our calibrations were designed to obtain data on 
each of these parameters. In addition, we hoped to demonstrate directly the 
isotope-resolving capability of a detector system which uses the 5mm detector 
by fragmenting the primary beam into particles of various charge, mass, and 
energy. In the following sections we briefly describe the experimental setup 
and then describe the results of the calibration. 

2. Experimental Setup 

A schematic representation of the experimental arrangement in the beam 
cave is shown in Fig. 1. There were 2 separate runs in which the Siemen's 5mm 
detector (hereafter labeled 5-1) was used. In the thickness-mapping run 
(detector stack 8) it was the middle detector in a stack of 5 detectors. In the 
fragmentation run (using stack 14) it was the 7th detector in a stack of 9 
detectors and was sandwiched between 3mm-thick detectors of comparable 
area (3-3 in front and 3-4 behind). The detectors were mounted at an angle of 
5° with respect to the beam because previous measurements by us and other 
groups have shown that the resolution of LlD devices for heavy ions is some
times degraded for nuclei incident at 0° (normal incidence). The beam spot size 
was adjusted so that we had nearly uniform coverage of the entire area of our 
detectors. Pulseheights from all the detectors were recorded for each event 
which triggered the multiwire proportional counters. 



3. Center/Guard Performance 

One or the features of a double-grooved lithium-drifted detector such as 
the Siemen's device is that an anti-coincidence shield is incorporated directly 
into the detector. This annular shield surrounding the center active area is 
separated from it by a narrow groove (~1 mm wide). It is important that the 
two regions act essentially independent or each other. 

In Fig. 2 we show the first of th.ree plots which demonstrate this indepen
dence. The plot was made from the x-y positions recorded in the multiwire pro
portional counter (MWPC) for those particles which triggered the guard region 
but not the center active area of the detector. As expected, a well-de.tined 
annular ring is observed corresponding to the size and shape of the guard ring. 
In Fig. 3 the x-y positions of particles which triggered the center but not the 
guard are shown. Again the result is a "particle-picture" of the center region. 
(The vertical and horizontal banding in this figure is an artifact of the plotter 
and not a real feature of tb.e data). Note that particles which fall in unexpected 
areas of Fi.gs. 2 and 3 are due to a number of effects which produce erroneous 
position: two particles at the same time, particles which fragment, particles 
which produce knock-on electrons in the proportional counters, etc. This gen
eral background is typically very small (e.g., in Fig. 2 probably < 1%) and does 
not represent a problem with the detector. 

Figure 4 shows a histogram of pulseheights from particles triggering the 
center, but not the guard region. A dump of the histogram is also included. 
The prominent peak extending off scale is due to ~700 MeV /nuc 4o Ar; the 
smaller peaks are due to lower-Z fragments, created by 40 Ar fragmentation 
upstream and· within the detector stack. Below Z !:!,! 10 the peaks wash out 
because there may be two high-charged fragments at the same time. This plot 
also contains events fragmenting within the device itself, which gives a smear 
above and below the 4o Ar peak. 

The charge division for particles which trigger both center and guard 
regions is illustrated in Fig. 5. The clustering of particles near the center of the 
plot represents events with two particles passing through the detector at the 
same time. The overall shape of the charge division curve is reasonable, e.g., 
the heavy concentratio_n of events near pu.lseheights of 1200 represent those 
particles striking the center of the groove. We do not have an obvious interpre
tation for some of the more subtle features of Fig. 5, such as the banding near 
guard pu.lseheight 3000 (which may be due to the 5° orientation). 

In general, the center/guard performance is as expected and the detector 
successfully incorporates an essentially independent anti-coincidence shield. 
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4. Thickness Uniformity 

It is not possible for us to separate the effects of a non-unitorm charge col
lection response from thickness variations of the.active area. Therefore, we are 
lumping the effects together and labeling all such variations as thickness varia
tions. Furthermore, in the analysis done so far we have derived only a radial 
thickness protlle from the data. Based on prior experience with 3mr.n-thick 
detectors in which azimuthal variations have typically been smaller than the 
radial ones, we have divided the detector into concentric annular regions and 
determined the mean thickness in each region. Because an absolute energy 
calibration was not done for this detector/electronics combination, our abso
lute thickness measurements are only good to ~10%. However, the relative 
thickness from one region to another is much more accurate. 

Figure 6 shows an example histogram of the pulseheights obtained from a 
monoenergetic beam of 40Ar (E ~700 MeV/nuc) in the radial range 1 to 1.5 cm 
The resolution (FWHM) is ..... 2.6%. The data in each radial range and in the entire 
center active area of the detector is given in Table 1. For these runs the guard 
region of the detector was ignored. 

In Fig. 7 we show the calculated radial thickness variation as measured in 
all 6 concentric annular regions out to a radius of 3 cm The thickness of the 
detector appears to decrease at larger radial positions. One process that con
tributes to the measured radial thickness profile is that some energy is not col
lected due to knock-ons escaping the detector. This effect is difficult to esti
mate quantitatively but such escape is easier near the edge of the detector 
than near the center. 

The radial thickness gradient shown in Fig. 7 has an adverse affect on the 
mass resolution of a telescope system employing the detector as a aE device if 
such variations are not taken into account using a thickness map. The mass 
resolution due to thickness variations is given approximately by 

where um is the standard deviation in the mass, m. and u1 is the standard devia
tion in the thickness, 1, of the detector measured over the spatial resolution of 
the telescope. Typically the position-sensing elements of the most advanced 
cosmic ray telescopes give a position resolution of ~1 mm. For the line shown 
connecting the three middle points of Fig. 7 the gradient is ~0.034 %/mm The 
corresponding u,/ l is given approximately by: 

~l • , R:l ,0:4 = .009% 

For Fe nuclei with mass 56 (typically the highest mass detected by such 



systems), 

am. ~ (56)(1.3)(.00009) = .007 amu. 

Typically, Landau fluctuations in the energy loss and other effects limit the 
overall resolution to ~0.25 amu. for Fe. Therefore the contribution to the mass 
resolution due to the radial gradient shown in Fig. 7 is negligible. 

The data taken during this run would enable ·a relative thickness map to be 
constructed on a scale of ~1 mm.2. No complete thickness maps for any of the 
detectors in the calibration have yet been made. However, some information on 
possible azimuthal gradients can be interred from Table 1. It Landau tluctua
tions in the energy loss dominate the thickness variations (and/or charge col
lection non-uniformities) then the ratio u /peak in Table 1 should be indepen
dent of position. However, the data tor 5-1 show an increase in this parameter 
with radius indicating that azimuthal thickness variations or charge collection 
non-uniformities might be making a non-negligible contribution. It we assume 
for the moment that aziIIlllthal thickness variations are responsible and further 
that these variations are negligible in the center 1-cm-radius data, then 

[
a, l RI 49-:-i,2-_:-.43~~ = 0062 
l AZ 3760 • 

➔ um= 0.45 for 56Fe 

= 0.33 for 40Ar 

Th.us it would be necessary to correct for such azimuthal variations in order to 
achieve the required mass resolution. 

5. Fragmentation Runs 

The fragmentation runs provide a direct demonstration of the isotope
resolving capabilities of a detector system In Fig. B the energy lost in a front 
detector (3-3) is plotted versus the energy lost in the following detector (5-1) 
for those particles which stop in the second detector. The heavy band is due to 
the primary beam, 40 Ar. The beam has passed through a variable-thickness 
target so particles of various energies are produced. Several other major bands 
appear due to other elements produced in the fragmentation process. Within 
each major band are slll6ller scale stripes due to different isotopes. The isoto
pic resolution displayed here for particles incident at 5° is excellent. 

In Fig. 9 we show a similar plot, but in this case the tlrst detector is the 
6mm. device and the following detector is 3mm thick. The striping due to 
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isotopes is not nearly as obvious as in Fig. 8. The resolution is not as good and 
the isotope tracks have blended together. Because we have illuminated the 
entire detector and have not corrected tor thickness variations it is not ·possi
ble to tell at this time to what extent the resolution could be improved if, for 
example, the radial and/or azimuthal variations were taken into account. 

Among the possible explanations for the differences 1n Fig. Band 9 are: 

1) Azimuthal thickness variations or charge collection non-uniformities may 
be worse in the 5mm detector than they are in the 3mm one. Indeed the 
magnitude of the mass resolution contribution to possible azimuthal thick
ness variations was estimated in Section 4 for the 5mm detector to be 
~0.33 anm for 4o Ar which is probably enough to account for the lack of 
good isotope separation. (The contribution to the mass resolution due to 
the radial variation shown in Fig. 7 is somewhat smaller, s 0.10 amu for 
4o Ar, and probably not enough by itself to account tor the poor resolution 
observed.) 

2) Variations in the thicker deadlayer of the 5mm device may be significant. 
In Fig. B the size of the deadlayer can be estimated from the "foldback" of 
the tracks near the maximum energy loss in 5-1. This foldback is due pri
marily to the deadlayer in 5-1. (The detector was oriented such that the 
deadlayer was at the beam-exit side of the detector. Approximately 9 µ, of 
silicon equivalent air gap and ~6 µ, of range in the following detector are 
also included in this foldback.) From the foldback in Fig. 8 we have 
estimated the deadlayer to be ~165 µ (:1:10 µ). In contrast, the deadlayer 
on the 3mm detector (3.3) is ~15 µ (from laboratory measurements using 
~6 MeV ex particles). It is possible that variations in the thicker deadlayer 
of the 5mm detector cause part ot the loss of resolution observed in the 
isotope track plot of Fig. 9. It would be desirable to have thinner dead
layers but it may also be possible to map both the active thickness and the 
deadlayers well enough to correct for such effects. 

6. Conclusions 

With regard to the 5mm detector's use as a ~E device in a cosmic ray tele
scope with 1mm position information: 

1) The center/guard performance is acceptable. 

2) The radial thickness variations, while not negligible, are acceptable. 

S) The isotopic-resolving capability may be acceptable but it was not directly 
demonstrated. Thinner dead.layers would be a definite improvement. 
Azimuthal thickness variations were not measured directly but could be 
responsible for degradation in the resolution.' Thickness maps to 0.1% 



accuracy will be required before a final determmation or the detector's 
usefulness in such telescopes is made. 
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Table 1. Thickness Uniformity of Detector 5-1 

r1 r2 Peak sigma sigma/Peak sigmamean Relative 
(cm) (cm). (Channels) (Channels) % (Channels) Thickness 

% 

0.0 1.0 3761.1 43,a· 1.16 0.3 100.00 +- .06 

1.0 1.5 3775.4 44.4 1.1B 0.3 99.83 +- .09 
1.5 2.0 3769.6 47.1 1.25 0.2 99.68 +- .09 
2.0 2.5 3762.6 47.4 1.26 0.2 99.49 +- .09 

2.5 3.0 3748.5 52.8 1.41 0.3 99.13 +- .09 
all of center 3760.0 49.7 1.32 
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FIGURE CAPTIONS 

Figure 1. Experimental setup in beam cave area as viewed from ceiling. 

Figure 2. X versus Y positions in the MWPC for particles triggering only the 
guard ring of detector 5-1. The scal.e has~ 70 units/mm. 

Figure 3. X versus Y positions in the MWPC for particles triggering only the 
center active area of detector 5-1. 

Figure 4. Pulsehei.ght histogram for particles triggering the center active area 
of detector 5-1. The peak near channel 3750 is due to the primary beam of 
~700 MeV/nuc 40Ar. The smaller peaks at lower channel numbers correspond 
to lowel"-Z fragments of the primary beam 

Figure 5. Pulseheight in center versus pulsehei.ght in guard for those particles 
triggering both. 

nr.ure 8. Pulsehei.ght histogram for monoenergetic beam of ~700 MeV /nuc 
Ar. The data is from the radial range 1 to 1.5 cm 

Figure 7. Calculated thickness relative to center versus radius. 

Figure B. Energy lost in front detector 3-3 versus that lost in stopping detector 
5-1. The major bands are due to elements produced by fragmentation in the 
target. The fine scale striping within the major bands is due to isotopes of the 
elements. 

Figure 9. Energy lost in front detector 5-1 versus that lost in stopping detector 
3-4. The major bands are due to elements produced by the fragmentation tar
get. The tine scale striping within the major bands that was obvious in Fig. B is 
not so clear here. 
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